Aspanginase activity ( Since ASN does not accumulate in soybean leaves or stems, except in seedlings (22), shoots apparently possess an active system for metabolism of ASN. While asparaginase could be detected in extracts of soybean leaves, ASN breakdown in some experiments could not be accounted for by aspartate formed. Pursuit of this problem led to the realization that leaf extracts contained much more ASN transaminase than asparaginase activity. A preliminary account of this portion of the work was reported previously (24) .
found in root nodules. The enzyme is stable in 75% ethanol at room temperature, has a Km of 5 jaM for rparne, and was six times more active (protein basis) in bacteroids than cytosol. The relatively high activity, stability, and Km of the enzyme complicate efforts to study asparagie synthesis in the nodule, an organ known to export laqe amounts of this amino acd.
Asparagine was the principal component of stem exudate collected from field-grown soybean plants (21) and is also the major component in the bleeding sap of excised soybean root nodules (27) . It is clear that ASN2 plays a central role in nitrogen translocation and in the nitrogen nutrition of the soybean plant. The extensive studies of Pate and co-workers (see [1] and references therein) suggest that this generality also applies to other legumes.
Evidence for the soybean plant suggests the presence of an active asparagine-synthesizing system in root nodules. Numerous attempts to demonstrate the formation of labeled ASN in nodule tissue by feeding a variety of radioactive precursors under a wide range of experimental conditions have failed (Streeter, unpublished). These failures are probably related to the' presence of a very active asparaginase in nodules, as described in this report.
Since ASN does not accumulate in soybean leaves or stems, except in seedlings (22) , shoots apparently possess an active system for metabolism of ASN. While asparaginase could be detected in extracts of soybean leaves, ASN breakdown in some experiments could not be accounted for by aspartate formed. Pursuit of this problem led to the realization that leaf extracts contained much more ASN transaminase than asparaginase activity. A preliminary account of this portion of the work was reported previously (24 [14CJASN was purchased from several sources and all lots contained small amounts of contaminants which interfered with assays and which were removed by passage of the material through small columns of Dowex (10-20 nmol) .
The control consisted of boiled enzyme preparation. Reaction mixtures were incubated for 60 min at 30 C, after which the reaction was stopped by placing tubes in a boiling water bath for 10 min.
Initially, the assay of Martin (12) (19) . Amino acids formed in transamination reactions were analyzed qualitatively by descending paper chromatography using 1-butanol-acetic acid-water [14C]Aspartate formed was determined using resin columns (15) or TLC (23) .
Asparagine transaminase was assayed as described above. Glutamine synthetase was measured by the y-glutamyltransferase as"ay described by Kurz et al. (8) . The amount of extract used in tiue assay must be carefully adjusted to avoid complete consumption of ADP; generally 10 ,ul extract and a 15 min incubation were used. Glutamate synthase assay was similar to that described by Dunn and Klucas (3). Reaction mixtures contained 200,mol of HEPES (pH 7.5), 10,mol of a-ketoglutarate, 3,umol of EDTA, 0.5 ,umol of NADH, 20 ,umol of glutamine, and enzyme preparation (0.5-4 mg protein) in a total volume of 2.7 ml.
Controls lacked glutamine. £A340 was determined with two or more protein concentrations.
Glutamate dehydrogenase was assayed in a reaction mixture containing 200,umol of HEPES (pH 7.5), 20 ,umol of aketoglutarate 100,umol of NH4Cl, 0.5,umol of NADH and enzyme preparation (0.5-4 mg protein) in a total volume of 2.4 ml. Controls lacked NH4CI and A340 was determined at two or more protein concentrations. Invertase was assayed in reaction mixtures containing 20 ,Mmol of HEPES (pH 7.5), 10 ,umol of sucrose, and enzyme preparation (0.2-1.5 mg protein) in a total volume of 0.40 ml. Boiled enzyme was used in controls. After incubation for 30 min at 30 C, mixtures were boiled and portions were analyzed by gas chromatography (25). Since our "pure" sucrose contained traces of glucose, the quantity of fructose formed was used to estimate enzyme activity.
In all experiments reported, protein concentration of extracts was determined by method of Lowry et al. (11) . (Table I) . Although transaminase activity could be detected with several keto acids, substantial enzyme activity was found only with pyruvate and glyoxylate. Paper chromatography of reaction mixtures showed that alanine and glycine were formed in mix- The amount of asparaginase activity in nodules can be judged by comparing it to the activity of other enzymes commonly assayed in nodule extracts (Table III) . There was essentially no asparagine transaminase activity in nodules. Nodule extracts contained more asparaginase than glutamate synthase or glutaminase and there was several hundred times as much asparaginase in nodules as in soybean leaves (Table II) . The concentration of asparaginase in bacteroids was approximately six times as great as the concentration in cytosol (Table III) . Recovery of bacteroids by the methods used is variable and incomplete, but it is possible to estimate that total asparaginase activity in cytosol was about double the activity in bacteroids.
RESULTS
Response of nodule asparaginase to substrate concentration was determined in reaction mixtures having a range of substrate concentrations from 1. Table III . Activity of enzymes extracted from whole soybean nodules or present in bacteroids and cytosol In Expt. II, bacteroids were prepared by the method of Evans, et al. (4) . After washing, bacteroids were disrupted by 10 to 12 30-sec. periods of sonication over 20 minutes. In Expt. III, nodules were ground in 0.25 M Tricine buffer, pH 7.5 containing 10 mM mercaptoethanol. Otherwise, preparation of bacteroids was the same as in Expt. II. After sonication, Triton X-100 was mixed with the bacteroid preparation (10 pl Triton/ml prep.) and allowed to stand 15 min. In all experiments all preparations were gel-filtered (23) using 10 2a-ketoglutarate was also tested but activity was less than 1.0 nmol mg protein41 hr1 3Not assayed Plant Physiol. Vol. 60, 1977 values reported for the enzyme from several species of bacteria (7, 28 Km for asparaginase from Lupinus polyphyllus seeds (9) .
The effect of keto acids on the breakdown of asparagine in vitro was first noted by Greenstein and Price (6) 
